Background and objectives We present a large study of patients with proximal fibula resection. Moreover we describe a new classification system for tumour resection of the proximal fibula independent of the tumour differentiation. Methods In 57 patients the functional and clinical outcomes were evaluated. The follow-up ranged between six months and 22.2 years (median 7.2 years). The indication for surgery was benign tumours in ten cases and malignant tumours in 47 cases. In 13 of 45 patients, where a resection of the lateral ligament complex was done, knee instability occurred. In 32 patients a resection of the peroneal nerve with resulting peroneal palsy was necessary.
Introduction
The fibula is a rare location for primary bone tumours or metastases. Only 2% of primary osteosarcoma [1] and 8% of primary Ewing sarcoma originate in the fibula [2] . The close relation of the common peroneal nerve, the anterior tibial artery and the lateral collateral ligament to the proximal fibula are major challenges in surgical resection of proximal fibula tumours. For wide resection of malignant bone tumours the peroneal nerve or the peroneal muscle group must sometimes be resected. Damage to the peroneal nerve or the peroneal muscle group leads to drop foot or sensory deficit [3] . Sacrifice of the proximal tibiofibular joint and lateral stabilisators of the knee is often unavoidable (Fig. 1) . The loss of the lateral stabilisation structures leads to an instability of the lateral knee compartment [4] . Local radiation therapy increases the risk of a tibial fracture [5] .
Since the number of bone sarcomas of the fibula is limited, there have only been a few reports on the outcome of treatment. In the following study we present the largest series of patients with proximal fibula tumours and a new classification system. The aim of this study was to evaluate the functional and clinical outcome after proximal fibula resection.
Materials
In a retrospective study we analysed the functional and clinical outcome of 57 patients with tumours of the proximal fibula which had been treated between 1987 and 2009. Local X-ray, MRI scan, staging with CT scan of the chest and bone scintigraphy were performed preoperatively. The patients' age ranged between six and 72 years (median 22.4 years). Indications for surgery are listed in Table 1 . There were 26 female and 31 male patients. All malignant tumours had an extraskeletal tumour component. The surgical stage of patients with primary sarcoma was IB in six cases, IIB in 40 cases and IIIB in one case according to the grading system of the Musculoskeletal Tumour Society [6] . In four cases an intralesional resection preserving the proximal fibula had been performed at another hospital. For classification of the resection we use a new classification system independent of the surgical margins ( Table 2 ).
All patients with high grade malignant tumours received chemotherapy according to the corresponding protocol. Fifteen patients with Ewing sarcoma, one patient with myofibroblastic sarcoma and one patient with synovial sarcoma GII received local radiation therapy pre-or postoperatively. In one case of Ewing sarcoma a perioperative brachytherapy was performed. After resection of the lateral ligament complex (n=45), reconstruction with an anchor or transosseus suture of the remaining biceps tendon and ligament or a fascia lata plasty was performed in 41 cases. In one case a primary vascular graft was necessary because of infiltration of all three arterial vessels.
The follow-up ranged between six months and 22.2 years (median 7.2 years). The functional evaluation was performed without a brace at the most recent follow-up examination. The Musculoskeletal Tumour Society Score (MSTS) [7] was evaluated in 46 cases and the Toronto Extremity-Salvage Score (TESS) [8] was evaluated in 40 cases. One patient with a secondary amputation was Fig. 1 A 17 
Results
Classification of the 57 patients is shown in Table 3 . Nine patients developed a delayed wound healing either postoperatively or during the adjuvant radiation therapy (five of 41 without, four of 16 with radiation therapy). Eight patients were treated conservatively; one patient needed a surgical debridement. One patient developed a venous thrombosis, which was treated by anticoagulation therapy. One patient had an arterial thrombosis after a vascular graft. Despite revision of the graft, necrosis of the forefoot occurred. A Chopart-amputation was necessary.
One patient with an osteosarcoma developed local recurrence after 1.5 years because of an undetected skip lesion of the proximal tibia which was finally treated by amputation. Another patient with osteosarcoma developed local recurrence with synchronous pulmonary metastasis and died one year after initial resection. Both patients had a poor response grade (grades 4 and 5 according to SalzerKuntschik). A successful proximal fibula resection with wide margins could be performed in all the remaining cases of malignant tumours. One patient with a giant cell tumour developed two local recurrences in the soft tissue. Ten years after the last resection there was no evidence of disease.
Four patients had a pathological fracture after minor trauma. Three of these patients had adjuvant radiation therapy. One patient had a fracture after adequate trauma. There was no significant higher risk of fracture in patients with partial tibial resection. Three of the patients with tibial fractures were treated with a brace. Two patients needed an osteosynthesis with an internal stabilisation. One of these patients postoperatively developed a pseudarthrosis. Two revisions of the pseudarthrosis were needed. One patient, who was treated conservatively, had an additional osteopenic femoral fracture because she was afraid to do full weight bearing after the tibial fracture. In two patients with a tibial fracture a limb-length discrepancy of 3 cm occurred. One of them was treated by epiphysiodesis, the other was treated conservatively.
In 13 of 45 patients where a resection of the entire proximal fibula with lateral ligament complex was neces- Table 2 Classification system for resection of the proximal part of the fibula Description Details
Resection of the lateral ligament complex (L) 0=preserving 2-3 cm of the proximal fibula with the lateral ligament complex 1=resection of the entire proximal fibula with lateral ligament complex Resection of the peroneal nerve (N) 0=preserving the peroneal nerve 1=resection of the common or deep peroneal nerve Partial en-bloc resection of the adjacent tibia (T) 0=intraarticular resection of the proximal fibula or resection without adjacent tibia 1=extraarticular resection of the tibiofibular joint or partial en-bloc resection of the adjacent tibia For example, L1N1T1: extraarticular resection of the tibiofibular joint with resection of the proximal fibula including the lateral ligament complex and sacrificing the common peroneal nerve sary, knee instability occurred. One of two patients, where a revision of the lateral ligament complex was performed, had a stabile knee postoperatively. In the other case the instability persisted. In one of four patients without reconstruction a persisting instability occurred. This patient used an orthosis intermittently. At the time of interview four patients were still using an orthosis for sports intermittently, another used it permanently. One patient (57 yrs) developed a varus deformity of the affected leg without any pain eight years after initial operation. None of these patients complained of pain.
In 32 patients resection of the peroneal nerve was necessary; almost complete anterior and lateral muscle groups were resected in three patients. Postoperatively, 38 patients developed a paresis of dorsal extension. In three cases, where the nerve was preserved, four weeks after the operation full function was restored. Permanent paresis of the foot extensors occurred in 35 patients. Patients without peroneal resection (MSTS mean=96%) had a significantly (p>0.001) better functional outcome in the MSTS score compared to the patients with peroneal resection or resection of the anterior and lateral muscle groups (MSTS mean=91%). In one patient a tendon-transfer of the tibialis posterior was done. Afterwards the patient still had a slight paresis, but could walk without an ankle foot orthesis. In another patient, where the peroneal nerve was resected, secondary nerve transplantation was performed one year after initial surgery. However, postoperatively there was no improvement of dorsal extension of the foot. At the time of interview, 29 of 36 patients used an ankle-orthosis permanently and one patient used it for sports intermittently.
In the functional follow-up there was a significant difference between the patients with benign (mean MSTS 99%, p>0.001; mean TESS 99%, p>0.021) and malignant tumours (mean MSTS 92%, mean TESS 95%). The specific scores for the different groups are listed in Table 3 .
At the final oncological follow-up of the patient with malignant bone tumours (n=47) 36 patients continued to be disease free, three were alive with disease, seven had died of disease and one had died in an accident.
Discussion
For local control of bone tumours a wide resection is necessary [9] . To achieve a wide resection a MRI scan is an essential step in assessing resectability of the tumour. The relationship between the adjacent neurovascular structures and the tibia is especially important. Malawer et al. described a classification for two resection types depending on the differentiation of the tumour [3] . Erler et al. modified this classification and described two more detailed types of resection [10] . The disadvantage of both classifications was that they were dependent on the tumour differentation but not on the tumour size or extension. We have developed a classification system which is independent from the differentation or the tumour size or the extension (Table 2) . Our classification system considers the resection of the lateral ligament complex, the peroneal nerve and the adjacent tibia.
In order to preserve the lateral ligament complex in malignant tumours there has to be a proximal area of more than 3-4 cm of healthy bone. If there is less than 3-4 cm of healthy bone an intraarticular resection of the proximal fibula with the lateral ligament complex must be done. If the tumour infiltrates the proximal fibula head an extraarticular resection of the proximal fibulotibial joint is unavoidable. Gait abnormalities and knee instability occur after proximal fibula resection [11] . Studies in a cadaver have demonstrated that the fibular collateral ligament provides the main resistance to varus rotation at the knee [12] . Draganich et al. reported increased anterior and anteroposterior translation of the knee in flexion, varusvalgus rotations at 20°flexion and several abnormalities in ground reaction forces [11] . There is evidence that instability of the knee can cause osteoarthrosis as in one case of our study [13] . Therefore the remaining lateral collateral ligament and biceps tendon should be properly reattached to the tibia. If there is insufficient biceps tendon or ligament left, a reconstruction using the fascia lata should be performed [11] . Bickels et al. reported a knee instability in 7% of cases in Malawer type I resections (marginal resection of the proximal fibula with a small muscle layer, preserving the peroneal nerve) and in 50% of cases in Malawer type II resections (wide extraarticular en-bloc resection of the proximal fibula, the common peroneal nerve and the anterior and lateral muscle groups) [4] . In our study 12 of 45 patients, in whom a resection of the lateral ligament complex was necessary, developed knee Fig. 2 Intraoperative situs of the same patient. Preparation of the N. peroneus communis. In this case a resection of the peroneal nerve larger than 6 cm was necessary instability. Two revisions of the lateral ligament complex were done. Subsequently one of these patients had a stable knee. In our series patients with knee instability used knee orthoses in one case permanently and intermittently for sports or vigorous activity in four cases.
Resection of the peroneal nerve causes serious functional problems such as a high stepping gait, a drop foot and gait instability [14] . Therefore resection of the peroneal nerve should be avoided if possible. However, the peroneal nerve should not be preserved if a wide resection in malignant tumours is not otherwise possible. If the tumour only contacts the peroneal nerve superficially, an epineurectomy is an acceptable procedure for a wide resection. In cases of infiltration of the nerve a resection is unavoidable [15] (Fig. 2) . Because of the resulting drop foot, patients need an ankle foot orthosis (AFO) for stabilisation of the ankle. In our series the tolerance of orthoses in patients with peroneal palsy was good. In one case a graft repair of the peroneal nerve was done one year after initial surgery without any improvement of the foot extension. It is reported that the best results of nerve repair are achieved if an immediate or early operative intervention is done [16] [17] [18] . The results of repair and grafting of the common peroneal nerve in particular are poorer than in other peripheral nerves (46-54%) [19, 20] . Indeed chemotherapy [21] and radiation therapy [22] do not influence the results of a nerve repair or grafting significantly. However, in most cases grafts longer than 6 cm were needed (Fig. 2) . The results of graft repair larger than 6 cm are even worse [19] . Furthermore massive resection of muscle tissue leads to loss of the foot extension. Because of the poor results after peroneal nerve grafting and extensive resection of muscle groups, we believe that a direct reconstruction of the peroneal nerve should not be attempted. A good alternative method for improving the foot extension is a primary or secondary tibialis posterior tendon transfer [10, 23, 24] . Up to 83% of patients after are able to walk without an AFO after tibialis posterior transfer [24] . AFOs, especially those constructed from light and flexible carbon materials, are tolerated well in patients with peroneal palsy. If patients do not tolerate an orthosis, a tibialis posterior tendon transfer might be a good alternative.
Delayed wound healing is to be expected in patients who receive chemotherapy and radiation therapy postoperatively [25] . In our series delayed wound healing was found in only nine patients who received adjuvant chemotherapy or radiation therapy. There was no delayed wound healing in patients with benign tumours.
Local radiation therapy is associated with osteopenia and fracture of the affected bone [5] . In our study patients who received local radiation therapy had a 3.8-fold higher risk of developing a pathological tibia fracture than patients without. Resection of the adjacent tibia did not increase the risk of tibial fracture. Therefore a partial tibia resection can be achieved without any problems. Patients with local radiation therapy should be encouraged to continue weight bearing, if possible, to avoid osteopenia from inactivity, but nevertheless should avoid excessive activity.
There was a significantly better functional outcome in patients with benign tumours than in patients with malignant tumours. This is not surprising because in cases of benign tumours neither resection of the peroneal nerve nor great muscle excision was necessary.
Conclusion
Resection of tumours in the proximal fibula can cause knee instability, peroneal palsy and, in cases of local radiation therapy, a higher risk of delayed wound healing and fracture. In cases of peroneal palsy ankle foot orthoses were tolerated well. A good alternative might be a tendon transfer of the tibialis posterior muscle to improve the foot extension. Partial tibial resection did not increase the risk of tibia fracture in our study. Therefore partial tibial resection should be preferred to subperiostal resection. Despite the risks of proximal fibula resection good functional results can be achieved.
